We present and make publicly available the first data release (DR1) of the Keck Observatory Database of Ionized Absorption toward Quasars (KODIAQ) survey. The KODIAQ survey is aimed at studying galactic and circumgalactic gas in absorption at high-redshift, with a focus on highly-ionized gas traced by O VI, using the HIRES spectrograph on the Keck-I telescope. KODIAQ DR1 consists of a fully-reduced sample of 170 quasars at 0.29 < z em < 5.29 observed with HIRES at high resolution (36, 000 ≤ R ≤ 103, 000) between 2004 and 2012. DR1 contains 247 spectra available in continuum normalized form, representing a sum total exposure time of ∼ 1.6 megaseconds. These coadded spectra arise from a total of 567 individual exposures of quasars taken from the Keck Observatory Archive (KOA) in raw form and uniformly processed using a HIRES data reduction package made available through the XIDL distribution. DR1 is publicly available to the community, housed as a higher level science product at the KOA. We will provide future data releases that make further QSOs, including those with pre-2004 observations taken with the previous-generation HIRES detectors. Subject headings: absorption lines -intergalactic medium -Lyman limit systems -damped Lyman alpha systems
INTRODUCTION The High Resolution Echelle Spectrometer (HIRES)
at the Keck-I telescope on Maunakea has contributed significantly to our knowledge of the intermediate-to high-redshift universe. In particular, observations of absorption lines toward background quasars with HIRES have provided a number of fundamental discoveries and studies. HIRES observations have provided experimental tests of Big Bang Nucleosynthesis and have help determine the cosmological baryon density (e.g., Burles & Tytler 1998; O'Meara et al. 2001; Cooke et al. 2014) . They have discovered pristine gas clouds (Fumagalli et al. 2011 ) and determined the metal budgets over 10 decades in H I column density from the Lyman-α forest (Simcoe et al. 2004 ) to the damped Lyman alpha systems (Wolfe et al. 2005) . They have explored the galaxy-IGM connection (Steidel et al. 2010 ) and have constrained the thermal history of the universe (Bolton et al. 2014) . They have helped constrain dark matter models (Viel et al. 2013) , have provided critical tests to cosmological simulations (Tytler et al. 2009) , and been used to study changes in the fine-structure constant with redshift Webb et al. 2001; Murphy et al. 2003) . Indeed, at the time of submission, HIRES appears in the title or abstract of over 1000 papers to-taling over 20,000 citations.
Remarkably, these successful studies have primarily been achieved with single objects, or with samples numbering in the tens of sightlines. This largely reflects the limited allocations of Principal Investigators (PIs) with direct access to the Keck telescopes. The compilation of a significant portion of the quasar sightlines observed with HIRES in the Keck Observatory Archive (KOA 8 ), however, now facilitates the study of hundreds of quasar sightlines by making the data available to the community in raw form. In 2009, we were awarded a NASA ADAP grant (PI: Lehner) to use this rich QSO database (> 600 QSOs as of this writing) to study the hot ionized O VI gas in the circumgalactic medium of 2 < z < 4 galaxies in a sample of H I-selected strong absorbers (log N HI ∼ > 17, i.e., the Lyman limit and damped Lyα systems). The first results from our Keck Observatory Database of Ionized Absorption toward Quasars (KODIAQ) survey are presented in Lehner et al. (2014) .
As part of the KODIAQ survey, we have uniformly processed the HIRES spectra of hundreds of QSOs. In this work, we present the first data release (DR1) from the survey. We make available to the community continuum normalized 1-D spectra for 170 QSOs and make them publicly available at the KOA. This work joins and extends the public data releases of Keck data from Prochaska et al. (2007) , Prochaska et al. (2003) , Prochaska et al. (2001) , and Rafelski et al. (2014) , and is complementary to the ESO Advanced Data Products Quasar Sample (e.g., Zafar et al. 2013 ). Here we present the details of our work to produce this archive. An outline of the paper is as follows: In section 2, we describe the basic properties of the data, it's reduction, and its availability at the KOA. In section 3, we describe the specific properties of the DR1 sample. Finally, in section 4 we describe future planned data releases and summarize.
2. THE DATA Data taken over the last two decades from the HIRES spectrograph fall into three general categories. The first is the earliest data from 1995-1997, where the light is dispersed onto a single Tektronix 2048 × 2048 chip (see Vogt et al. 1994 for details). The second category spans the years 1997-2004, when HIRES could be configured using either a red or blue sensitive cross-disperser to enhance throughput over specific wavelength ranges, but still feeding a single CCD. Finally, the third category, covering data from 2004 to the present, has the original single CCD replaced by a 3 chip mosaic, with dramatically increased blue sensitivity. The data in DR1 are all drawn from this last category.
HIRES has a number of user-selectable instrument element settings. These include detector binning, entrance slit width and length (set simultaneously by choosing a decker), and echelle and cross-disperser angle. The latter two elements determine the wavelength coverage for a given setup. For data taken with the blue cross-disperser, the data frequently have continuous wavelength coverage (with some overlaps between echelle orders), albeit with two small gaps in coverage due to the spacing between the chips in the mosaic. Data obtained with the red cross disperser often has additional gaps in wavelength coverage, due to the increasing spatial extent of the dispersed light becoming larger than the extent of the chip. The slit width sets the resolution of the data. Table 1 gives the spectral resolution associated with the HIRES deckers that span the DR1 sample. The vast majority of HIRES data in DR1 were obtained with the C1 or C5 decker that provide FWHM R = 48, 000 and R = 36, 000, corresponding to velocity resolutions of 6.2 and 8.3 km s −1 (FWHM), respectively.
Raw Data
The data for the KODIAQ survey are taken entirely from the KOA, i.e., they constitute a publicly-available sample. While a quantity of HIRES observations of quasar absorption lines still remain unavailable, 9 the KOA sample constitutes a high percentage of all quasars observed to date with HIRES, as measured by comparing the data in the sample with the Keck-I telescope schedule over the last two decades. Through searching by a combination of Principal Investigator (PI) and project titles associated with HIRES data at the KOA, we downloaded all the QSO data in raw form for reduction and analysis. Including calibration files, the sample contains many tens of thousands of individual HIRES exposures totaling ∼250 Gb. The data were grouped by observing run, where a single PI would observe with HIRES for a single night, or over multiple nights close in time. The choice of observing run grouping was made to best facilitate data reduction of objects with nearly identical HIRES configurations.
Data Reduction
9 Some PIs have requested and received proprietary times exceeding the nominal 1.5 years Once grouped into observing runs, the data were uniformly reduced using the HIRedux code 10 developed as part of the XIDL 11 suite of astronomical routines in IDL. HIRedux was developed as a variant of the reduction pipeline 12 for the MIKE spectrograph on the Magellan Clay telescope at Las Campanas Observatory which further evolved in the MaSE pipeline (Bochanski et al. 2009 ).
Briefly, the HIRedux workflow is as follows: First, the raw data are read into the pipeline and sorted into "setups", where each setup is a unique combination of decker, binning, and dispersing element choice and configuration. Next, for each setup, a bias level and gain is determined from the data, and a flat field image is constructed by a median combine of individual exposures. The flat field is used to determine the echelle order edges via polynomial fitting, and to determine the illumination of light along the slit (i.e., the tilt), which is not constant. Traditional pixel-to-pixel variation flat-fielding is performed using archival pixel flat fields obtained every few semesters by JXP. These were acquired with a clever recipe kindly suggested by R. Kibrick: a series of spectral images obtained with the cover to the cross-disperser in place. This cover is partially reflective and yields a relatively uniform image on one detector of the CCD mosaic when the cross-disperser grating is tilted to −3.1, −4.1 or −5.5 for the blue, green and red detectors, respectively. The resultant, normalized image corrects for small-scale variations in the detector (e.g., defects, "pocks", etc.) that challenge a traditional approach to flat fielding.
With the orders spatially defined, the next step is to determine a two-dimensional wavelength image for the chip by first extracting down the center of each order an exposure of a ThAr arc lamp. This extracted arc spectrum is then compared to a suite of archival ThAr databases and the algorithm solves for a two-dimensional wavelength solution rejecting outliers or spurious arc line features. The residuals to the arc line solutions are generally at the sub-pixel level. If multiple exposures of a science target exist, cosmic rays are identified by analyzing the ratio of each exposure to the median combined frame in standard ways.
Next, the data are sky-subtracted and the object extracted on an order-by-order basis. The specifics of the sky subtration and object extraction are given in Bochanski et al. (2009) who describes the MaSE extraction pipeline (used to process data from the Magellan MagE spectrograph), which shares a common codebase with HIRedux. The output of the extraction is an order-by-order spectrum of counts versus vacuum wavelength. For multiple exposures of a science target with the same setup, the individual orders are weighted-mean combined, with the weights coming from the signal to noise of the individual exposures.
Continuum Placement
For most types of analysis, quasar absorption line data are required to be in continuum normalized form. To put the data in this form, the shape of both the spectrograph blaze function and the underlying quasar SED must be removed via the process of continuum-fitting. Many spectrographs are able, via the use of a spectrophotometric standard star, to remove the instrumenal response and flux calibrate the data to aid in this process. Unfortunately, HIRES can not be reliably flux calibrated (e.g., Suzuki et al. 2005) . As such, the data are fitted by hand, one echelle order at a time.
To minimize variation in continuum-fitting methodologies, a single member of the team (JMO) performed the continuum-fitting for the DR1 sample. The exact method of fitting varies by quasar to quasar depending on a combination of the signal to noise of the data, whether the regions to be fit are blueward or redward of the quasar's Lyα line (i.e., if the data covers the Lyman-α forest), the redshift of the quasar (larger redshift quasars have significantly more Lyman-α forest absorption), the shape of the blaze function in a given order, and the occurrence of strong features such as quasar emission lines or damped Lyman alpha absorbers. Nevertheless, a basic feature of all the continuum fits is that they were performed using Legendre polynomial fits to each spectral order, with the order of the Legendre polynomial ranging nominally anywhere from 4 to 12 (or more in rare cases), depending on the factors given above. In the Lyman-α forest, the continuum is anchored at points deemed by eye to be absorption free. In regions redward of the Lyman-α forest, significantly more regions of the spectrum are absorption-free, and the fit is in general more reliable and objective. Given the number of spectra present in the DR1, the number of echelle orders fit is well over 8000. An example of a continuum fit to a single HIRES echelle order is shown in Figure 1 .
Since the true quasar SED is unknown, especially at the resolution of HIRES, an exact quantification of errors in the continuum fit cannot be obtained. Previous attempts at estimating continuum level errors (e.g., Faucher-Giguère et al. 2008 ) typically find the error to be at the few percent level or less in moderate to high signal to noise data (e.g., S/N ∼ > 10), with the errors increasing as either the signal to noise decreases, or the redshift of the quasar increases. As we will see in section 3, the DR1 sample covers a wide range of both quantities. We also note that the continuum placement will incur additional uncertainties in regions within ∼1000 km s −1 of strong emission/absorption features such as damped Lyman alpha absorbers, or BAL features in the quasar spectrum itself. We recommend that users of DR1 data either refine our continuum estimate, or place their own continuum levels on the extracted data if a more precise continuum estimate is demanded in their analysis. As we show below, the DR1 data are housed at KOA in a manner such as to facilitate a re-assignment of the continuum level as users see fit. After the continuum level is assigned to each order, the data are combined into separate one-dimensional flux and error spectra, with regions of echelle order overlap in wavelength space added together weighted by signal to noise. An example of this final product is shown in Figure 2 . The full HIRES header is preserved from the raw data, along with KOA-and KODIAQ-specific header cards appended to the end of the original data header.
KODIAQ at the KOA
Beginning in May 2015, data from DR1 and all subsequent data releases from KODIAQ will be available via the "Contributed Datasets" section of the KOA.
13
Users can search for individual quasar sightlines, or can download the entire set of one-dimensional continuum normalized final science products. Each quasar sightline contains a machine readable summary file detailing all observations of the quasar, one-dimensional flux and error files for each (coadded) observation in FITS format, and a preview image. To facilitate analysis according to the users needs, all intermediate data reduction steps will be also available at the KOA, and can be downloaded on an observing run by observing run basis. The intermediate data are grouped by observing run since many quasars can be observed in a single HIRES setup on a given run. Each observing run has a file structure dictated by HIRedux. In particular, users may wish to download the intermediate data products to assign their own continuum level to the individual HIRES orders.
PROPERTIES OF KODIAQ DR1
The KODIAQ DR1 comprises 170 quasars observed in the mosaic configuration of HIRES between 2004 and 2012.
14 The DR1 sample is summarized in Table 2. The convention adopted here is to name each quasar after their J2000 RA/DEC as resolved by SIM-BAD or SDSS. For example, the quasar with J2000 coordinates 01:08:06.41+16:35:50.0 receives the name J010806+163550. In the case of very close quasar pairs or lensed quasars, the name is appended with A,B, and so on. Many of the quasars have been observed by multiple PIs, and/or with multiple HIRES setups, such that the total number of spectra available in DR1 is 247 representing coadditions from 567 individual HIRES observations. Exposure times range from the hundreds to tens of thousands of seconds, and the combined total exposure time for DR1 is approximately 1.6 megaseconds. Figure 3 shows the quasar emission redshift distribution for DR1, and shows that the DR1 data span a redshift range of 0.29 < z em < 5.29 in a roughly gaussian distribution, with a mean value of z em = 2.725 and a standard deviation of 0.738. The distribution of DR1 quasars on the sky is shown in Figure 4 ; these primarily cover the North Galactic Pole. The data vary significantly in signal to noise. In Figure 5 , we display the signal-to-noise S/N of the KODIAQ spectra in the following way. For each of the 247 spectra, we calculate the median S/N per 2.6km s −1 interval (i.e., two unbinned HIRES pixels) over a window of λ = ±5Å on either side of 3 wavelength bins in the quasar rest frame These wavelengths are chosen to give a sense of the data near the quasar Lyman limit, the regions encompassing the Lyman-α forest and a region sampling Lyman-α forestfree wavelengths for metal line searches. Figure 5 illustrates that a significant fraction of the data has S/N > 10, facilitating a wide variety of future studies. For further illustration of the data, Figure6 shows the full spectral 13 https://koa.ipac.caltech.edu/Datasets 14 One quasar is a lensed system, so the number of individual sightlines is 171 dataset rebinned to 500 spectral pixels ordered from topto-bottom by quasar emission redshift. The echelle order gaps and HIRES setups are evident on large scales, as well as the large-scale influence of the Lyman-α forest on the smaller scales.
General Properties

Cosmological Properties
We anticipate that the data made available in the DR1 and future releases will have a multitude of uses beyond those presented in Lehner et al. (2014) . To give a sense of the size of the DR1 in terms of possible cosmological applications, we present several quantities summarizing this rich dataset. In Figure 7 , we display a histogram of the wavelengths covered in the 247 of DR1, placed in the quasar rest frame to best display what ionic species could be searched for in the data. Figure 8 shows how many spectra in DR1 provide coverage of a number of ions common in quasar absorption line studies, namely Lyα, O VI, C IV, and Mg II. For Lyα, we restrict ourselves to sampling only the wavelengths between the quasar Lyα and Lyβ emission lines when counting sightlines. For C IV and Mg II, we sample only available wavelengths larger than that of the quasar Lyα line and less than the quasar C IV and Mg II emission lines, respectively. Finally, for O VI, we consider all available wavelengths lower than that of the quasar O VI emission line.
We can also cast the sample in terms of the redshift sensitivity function g(z) used in studies of the incidence frequency (z) = dN/dz of an absorption feature or for the column density distribution function f (N x , z) of ion x. In Figure 9 , we present two estimates of g(z). First, for each of the 170 quasars in the sample (this time choosing only a single spectrum for each quasar as to avoid double counting) we estimate the sensitivity to searching for Lyman-α forest absorption by determining which quasars cover the Lyman-α forest between 3000 km s −1 to the red of the quasar Lyβ line and 3000 km s −1 to the blue of the quasar Lyα line, so as to avoid sampling the proximity regions of the quasars themselves. We then calculate g(z) for this sample subject to four different S/N critera, namely S/N > 2, 5, 10, and 20, where the S/N is estimated by taking the median S/N (per pixel) over a window of 150 pixels. Second, we perform the same process, but for C IV absorption. For C IV, we maintain our proximity zone exclusions, (this time between the Lyα and C IV emission lines), but change our S/N criteria to be S/N > 5, 10, 20, and 40, so as to best demonstrate the high quality of the DR1 data. Both g(z) estimates show sharp downward spikes (e.g., at z ∼ 2.3 for Lyα). These arise due to the wavelength gaps between the CCDs in the HIRES mosaic. In the case of C IV, additional ripples are present in g(z). These arise from the blaze sensitivity of the echelle. Figure 9 demonstrates that DR1 offers a significant dataset for any number of studies of the intergalactic and circumgalactic medium over a significant swath of cosmic time.
SUMMARY AND FUTURE
We have presented here and made available to the public at the KOA the first data release, DR1, of the KO-DIAQ survey. DR1 is comprised of 247 spectra of 170 quasars obtained with HIRES between 2004 and 2012. The data vary in signal to noise and resolution, but a significant portion of the spectra are of sufficient quality as to facilitate a number of precision studies of the interand circum-galactic medium at z ∼ 2.5.
Additional data releases for KODIAQ are planned for the future. DR2 will incorporate pre-2004 spectra into the sample for another ∼ 150 quasars in addition to augmenting some spectra in DR1. Finally, DR3 will make available the full KODIAQ sample of all HIRES spectra in the KOA that could be processed. We anticipate that DR2 will be released in 2017, and DR3 in early 2018. All data releases will be housed at the KOA, in addition to minor updates between data releases.
When using data products from DR1, in addition to the standard KOA acknowledgement (including acknowledgement to the original PIs of each program), we request that the community please include the following acknowledgement: "Some/all the data presented in this work were obtained from the Keck Observatory Database of Ionized Absorbers toward QSOs (KODIAQ), which was funded through NASA ADAP grant NNX10AE84G," and cite this paper and Lehner et al. (2014) .
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